emoral lengthening has been associated with narrowing of the joint space at the hip. We have studied the joint space before lengthening in 20 patients with a short femur due to a femoral-shaft fracture (15) or distal femoral epiphyseal injury (5). Their mean age at injury was 16 years (3 to 27) and the mean shortening was 5.4 cm (1.1 to 14).
NARROWING OF THE JOINT SPACE OF THE HIP AFTER TRAUMATIC SHORTENING OF THE FEMUR
SHIH-CHIEH HUNG, TAKAHIDE KUROKAWA, KOZO NAKAMURA, TAKASHI MATSUSHITA, RYOJI SHIRO, HIROSHI OKAZAKI From the University of Tokyo, Japan F emoral lengthening has been associated with narrowing of the joint space at the hip. We have studied the joint space before lengthening in 20 patients with a short femur due to a femoral-shaft fracture (15) or distal femoral epiphyseal injury (5). Their mean age at injury was 16 years (3 to 27) and the mean shortening was 5.4 cm (1.1 to 14).
We found that the hip joint space of the shortened femur was significantly narrower (p < 0.001) than that on the normal side, with a mean narrowing ratio of 15.5% (-5 to +43). The narrowing ratio was directly related to the period spent non-weightbearing (p < 0.001), but not to the amount of femoral shortening.
We have shown that the joint space of the hip in patients with post-traumatic femoral shortening was narrowed even before femoral lengthening had been started.
Femoral lengthening is known to be associated with narrowing of the joint space of the hip (Hiroshima 1991) . We have shown in a preliminary study that before lengthening the joint space had begun to narrow in patients with posttraumatic shortening (Hung et al 1995) . We have therefore investigated the size of the joint space in a larger series of patients before femoral lengthening.
PATIENTS AND METHODS
We made a retrospective review of 20 patients with a shortened femur after trauma. There were 16 males and four females; 15 had femoral shaft fractures and five had distal epiphyseal injuries. The mean age at injury was 16 years (3 to 27) and the mean period from injury to evaluation 7 years (9 months to 21 years 5 months). The mean period of nonweight-bearing after injury was 21 months (1.5 to 128) and the mean femoral shortening 5.4 cm (1.1 to 14).
Fourteen of the patients also had axial or rotational deformity of the femur of 5° or more; nine had flexion contracture of the knee of 10° or more. In five patients osteomyelitis had occurred, with or without nonunion; none had hip pain or restriction of the range of movement of the hip. We excluded patients with a past history of any other disease of the lower limb.
We studied anteroposterior radiographs of both hips taken in a supine position. The joint space was evaluated by measuring the weight-bearing area (WBA) by the method of Teshima, Otsuka and Yamamoto (1992) as shown in . Each area was measured independently by three observers and we recorded the mean of the three measurements. Interobserver agreement was calculated using Pearson's correlation coefficient between two series of data from different observers (40 measurements, r = 0.951, p < 0.0001). The ratio of narrowing (NR) of the shortened to the normal side was calculated as a percentage as follows:
(WBA of the normal side -WBA of the shortened side) NR (%) = 100 ϫ WBA of the normal side
We looked for osteoarthritic changes in the hips as shown by osteophyte formation and any signs of osteonecrosis. Statistical significance was determined by the Wilcoxon signed-rank test for the differences between the WBA on the normal and on the shortened side, and by the MannWhitney U test for other group differences. The relationship between measured narrowing and the period of non-weight-bearing was analysed using Pearson's correlation coefficient. P values of less than 0.05 were considered significant.
RESULTS
The range of weight-bearing areas was 66 to 140 mm 2 on the shortened side and 80 to 147 mm 2 on the normal side; this difference was statistically significant at p < 0.001 (Fig.  2) . The mean narrowing ratio was 15.5 ± 12.8%; in 13 of the 20 patients it was 10% or more ( Fig. 3 ; Table I ). To investigate possible causes for this joint-space narrowing on the shortened side, we considered the patients in two equal groups of ten, one with over 12% narrowing and the other with less severe reduction. We found no significant difference between the two groups as regards age at injury, period from injury to evaluation, or the amount of femoral shortening. The period of non-weight-bearing, however, was significantly different (p < 0.001) ( Table II) . The less severely narrowed hips had a non-weight-bearing period of less than four months in all but two of the ten cases; in all ten of the more severely narrowed group nonweight-bearing had lasted for more than nine months. There was a significant linear correlation between narrowing and the length of the non-weight-bearing period in the whole group (r = 0.69, p < 0.005), but not in each of the groups on their own (p > 0.05; Fig. 4) . None of the hips showed any osteophyte formation or any sign of osteonecrosis.
DISCUSSION
We have shown that after post-traumatic femoral shortening narrowing of the joint space of the same hip had developed before femoral lengthening, and that the amount of narrowing correlated positively with the period of non-weightbearing after trauma. The relationship between narrowing and the non-weight-bearing period in the more severe group suggested that there is an appreciable change when non-weight-bearing lasts for at least nine months, but that a longer period causes no further deterioration.
Articular cartilage receives its nutrition by diffusion from the synovial fluid (Bollet 1969) , and weight-bearing plays an important role in this diffusion (Troyer 1975; Palmoski, Perricone and Brandt 1979; Palmoski, Colyer and Brandt 1980) . The mechanism of joint-space narrowing during prolonged non-weight-bearing may be a nutritional disturbance of the articular cartilage caused by an impairment in diffusion.
This speculation is supported by reports of joint-space narrowing at the hip in patients with flaccid paralysis (Pool 1974) , amputation of the lower limb (Benichou and Wirotius 1982) and nonunion of the femur (Teshima et al 1992) . No relationship has been reported between jointspace narrowing and the amount of femoral shortening, but it is possible that the pelvic tilt produced by a leg-length discrepancy may influence joint-space narrowing in the hip of the shorter leg. We consider this to be unlikely since the load at the hip of the shorter leg is reduced because of the shorter lever arm after lateral displacement of the centre of gravity and the reduced tone of hip abductors (Morscher 1977) . It could be argued that leg-length discrepancy caused an error in the measurement of weight-bearing area, but the arc of the acetabular surface (OM to OL in Figure   719 NARROWING OF THE JOINT SPACE OF THE HIP AFTER TRAUMATIC SHORTENING OF THE FEMUR VOL. 78-B, NO. 5, SEPTEMBER 1996 Fig. 2 Measured WBA of the hip in patients with post-traumatic femoral shortening. The differences were significant at p < 0.001 (Wilcoxon signed-rank test). Case 19. Radiograph of a 21-year-old man with leftsided femoral shortening after trauma. The nonweight-bearing period was 29 months and the narrowing ratio of the joint space was 31%. Fig. 4 There was a significant linear correlation between narrowing and the non-weight-bearing period in the whole group (Pearson's correlation coefficient, r = 0.69, p < 0.005), but not in each group separately (p > 0.05). The outlying case with a nonweight-bearing period of 128 months was omitted from the statistical calculations. It is clear that the joint space at the hip should be evaluated before femoral lengthening; more studies are required to clarify the further influence of lengthening procedures on such a hip.
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